INTRODUCTION {#sec1-1}
============

Natural products have served as the source and inspiration for a large fraction of the current pharmacopoeia. Although estimates may vary depending on the definition of what is considered a natural product-derived drug, it is safe to say that between 25% and 50% of currently marketed drugs owe their origins to natural products.\[[@ref1]\] *Combretum albidum* (*C. albidum*) Don belonging to the family *Combretaceae* and commonly known as "buffalo calf" in English \[[Figure 1](#F1){ref-type="fig"}\]. It is extensive a woody twine occupying the canopy of the host tree. Its distribution is restricted to the semi evergreen and dry deciduous forests, along river banks.\[[@ref2]\] Paliyan tribes in Sirumalai hills of Eastern Ghatsuse the fruit of this plant for the treatment of diarrhoea and dysentery,\[[@ref3]\] stem barks for Jaundice\[[@ref4]\] and skin diseases\[[@ref5][@ref6]\] and leaf for peptic ulcer.\[[@ref7]\] Ethnobotanical survey of the woody species of Kalrayan and Shervarayan hills\'s tribal societies use wiry-stem, seed oil and root for the treatment of eye problems, eczema, and malaria.\[[@ref8]\] *C. albidum* crude extract was reported to possess antibacterial activity against different bacterial strains.\[[@ref9]\] However, available literature revealed that no pharmacognostic study has been carried out on the plant except on the stem bark; hence the present investigation was conducted with the objective of evaluating various parameters such as macroscopic, microscopic characters and phytochemical evaluation of the plant.

![(a) Habit image of *Combretum albidum*. (b) Flowers and winged fruit of *C. albidum*](ASL-32-187-g001){#F1}

MATERIALS AND METHODS {#sec1-2}
=====================

Procurement of plant materials {#sec2-1}
------------------------------

Fresh leaves and roots of *C. albidum* were collected from forest of Tirupati, Andhra Pradesh (India), identification and authentication was done by Dr. Madhava Chetty, Professor, Department of Botany, Sri Venkateswara University, Tirupati under reference number (SVU/SC/19/82/10-11).

Organoleptic evaluation {#sec2-2}
-----------------------

Various sensory parameters of the plant material such as colour, odour, size, shape and taste were studied by organoleptic evaluation.

Macroscopic evaluation {#sec2-3}
----------------------

The macroscopic characters of fresh leaves of *C. albidum* were recorded in the presence or absence of petiole and characters of lamina.\[[@ref10][@ref11]\]

Physicochemical and phytochemical analysis {#sec2-4}
------------------------------------------

Physicochemical parameters such as ash and extractive values were determined according to the well-established official method and procedure.\[[@ref12][@ref13]\] Preliminary phytochemical screening was carried out using standard procedure.\[[@ref14]\]

Fluorescence analysis {#sec2-5}
---------------------

Powdered leaf material was treated with various chemical reagents and exposed to visible, ultraviolet (UV) light (Short UV) to study their fluorescence behaviour.\[[@ref15][@ref16]\]

Microscopic evaluation {#sec2-6}
----------------------

In microscopic evaluation, studies were conducted qualitatively and quantitatively.

Qualitative microscopy {#sec2-7}
----------------------

In this study, transverse sections of leaf were studied under photomicrograph. The various distinguishing characters were studied with staining and without staining and recorded.

Care was taken to select healthy and normal leaf material. The required samples of leaves were cut and removed from the plant and fixed in formalin 5 ml + acetic acid 5 ml + 70% ethyl alcohol 90 ml. After 24 h of fixing, the specimens of leaves were dehydrated with graded series of tertiary-butyl alcohol as per the schedule given by Sass, 1940.\[[@ref17]\] Infiltration of the specimens of leaves were carried by gradual addition of paraffin wax (melting point 58-60°C) until tertiary butyl alcohol solution attained super saturation. The specimens of leaves were cast into paraffin blocks.

The paraffin embedded specimens of leaves were sectioned with the help of rotary microtome. The thicknesses of the sections were 10-12 μm. Dewaxing of the sections was done by customary procedure.\[[@ref18]\] The sections were stained with toluidine blue as per the method published by O'Brien *et al*.\[[@ref19]\] Since toluidine blue is a polychromatic stain. The staining results were remarkably good and some cytochemical reactions were also obtained. The dye rendered pink colour to the cellulose walls, blue to the lignified cells, dark green to suberin, violet to the mucilage, blue to the protein bodies etc., Where ever necessary sections of leaf were also stained with safranin and fast green and iodine potassium iodate (for starch).

For studying the stomatal morphology, venation pattern and trichome distribution, para dermal sections (sections taken parallel to the surface of the leaf) as well as clearing of leaf with 5% sodium hydroxide or epidermal peeling by partial maceration employing Jeffery\'s maceration fluid\[[@ref17]\] were prepared. Glycerine mounted temporary preparations were made for macerated/cleared leaf.

Microscopic descriptions of tissues are supplemented with micrographs wherever necessary. Photographs of different magnifications were taken with Nikon lab photo device with microscopic units. For the study of crystals, starch grains and lignified cells, polarised light was employed. Since these structures have brief ringent property, under polarised light they appear bright against the dark background. Magnifications of the figures are indicated by the scale bars. Descriptive terms of the anatomical features are as given in the standard anatomy books.\[[@ref20][@ref21]\]

Powder microscopy {#sec2-8}
-----------------

The dried leaves were powdered. Powdered material was cleared with sodium hydroxide and mounted in glycerine medium after staining. Different staining reagents such as toluidine blue, safranin, fast green and iodine were used. Different cell component were studied and measured using photomicrography.

Quantitative microscopy {#sec2-9}
-----------------------

In quantitative microscopy determination of stomatal number, stomatal index, vein islet, vein termination number and palisade ratio were carried out.\[[@ref22]\]

RESULTS {#sec1-3}
=======

Organoleptic evaluation {#sec2-10}
-----------------------

The organoleptic evaluation of the leaves indicated dark green colour on the upper surface and slightly light green colour on the lower surface. The powder of leaf appeared dark green in colour, coarse in texture and unpleasant in odour with slightly tingling taste.

Macroscopic evaluation {#sec2-11}
----------------------

The macroscopic evaluation involved study of morphological characters and taxonomy. The morphological characters of leaves were observed as deciduous. The composition of lamina was found to be simple, pinnate reticulate venation, entire margin, acuminate apex, smooth surface. The arrangement of leaves was found to be opposite decussate, shape was lanceolate, ovate, oblong and the base is cuneate. The size of leaves was found to be 16 cm in length and width 7.8 cm and petiole 1-1.5 cm.

Physicochemical and phytochemical analysis {#sec2-12}
------------------------------------------

Physicochemical analysis of leaf powder viz. Ash values, extractive values and moisture content are presented in [Table 1](#T1){ref-type="table"}. The preliminary phytochemical analysis of leaf was shown in the presence of glycoside, carbohydrate, flavonoid, phytosterols, phenolic compounds and saponin.

###### 

Physico-chemical evaluation

![](ASL-32-187-g002)

Fluorescence analysis {#sec2-13}
---------------------

The fluorescence analysis of *C. albidum* leaf under day and UV (short 254 nm) light is recorded in [Table 2](#T2){ref-type="table"}.

###### 

Fluorescence analysis of leaf powder of *Combretum albidum*

![](ASL-32-187-g003)

Microscopic evaluation {#sec2-14}
----------------------

The leaf had thick midrib and smooth and even, dorsiventral lamina \[[Figure 2a](#F2){ref-type="fig"}\]. The midrib was plano-convex with flat adaxial side and thick, broad abaxial part. It was 900 μm thick and 950 μm wide. The midrib consists of thin epidermal layer of spindle shaped thick walled cells. The epidermal cells were 10 μm thick. The ground tissue was parenchymatous. The parenchymatous cells were circular, compact and fairly thick walled.

![(a)Transverse section of leaf through midrib of leaf of *Combretum albidum.* Ads: Adaxial side; La: Lamina; VB: Vascular bundle; MR: Midrib. (b) Transverse section of midrib enlarged of leaf of *Combretum albidum*. Ep: Epidermis; IPh: Inner phloem; GT: Ground tissue; OPh: Outer phloem; Sc: Sclerenchyma; X: Xylem](ASL-32-187-g004){#F2}

The vascular strand was large and omega shaped. It occupies the major portion of the midrib. The vascular strand consists of a wide bowl shaped part and the free ends of the bowl directed laterally into wings. The general outline was omega shaped \[[Figure 2b](#F2){ref-type="fig"}\]. The strand was 300 μm thick. It consists of wide, angular, thick walled xylem elements which were arranged in compact parallel lines mixed with xylem fibres \[[Figure 3a](#F3){ref-type="fig"}\]. Phloem occurs in thin layers along both the inner and outer portions of the xylem \[Figures [2b](#F2){ref-type="fig"} and [3a](#F3){ref-type="fig"}\]. The xylem elements were up to 50 μm wide. External to the xylem outline occur thin line of sclerenchymatous boundary. The sclerenchyma cells abutting the two arms of omega shaped xylem strand were extremely thick and highly lignified. The prismatic type of calcium oxalate crystals occur in the outer phloem zone \[[Figure 3b](#F3){ref-type="fig"}\]. The lignified xylem elements and calcium oxalate crystals appear bright under polarised light \[[Figure 3b](#F3){ref-type="fig"}\].

![(a) Transverse section of midrib-vascular strand enlarges of leaf of *Combretum albidum*. IPh: Inner phloem; OPh: Outer phloem; X: Xylem. (b) Transverse section of midrib-vascular strand enlarges of leaf of *Combretum albidum* (viewed under polarised light showing crystal distribution). Cr: Crystals; X: Xylem](ASL-32-187-g005){#F3}

The lamina was smooth and even on both surfaces \[[Figure 4a](#F4){ref-type="fig"}\]. It was 650 μm thick. The adaxial epidermis includes thick and wide, rectangular epidermal cells with prominent cuticle. The cells were 20 μm thick. The abaxial epidermis was comparatively thinner measuring 12 μm thick. The cells were squarish and thick walled. The mesophyll tissue was differentiated into thick adaxial zone of palisade cells, which were cylindrical and compact. They were 50 μm in height. The spongy parenchyma includes about seven layers of lobed loosely arranged cells.

![(a) Transverse section of Lamina of leaf of *Combretum albidum.* Abe: Abaxial epidermis; Ade: Adaxial epidermis; Cr: Crystal; Cu: Cuticle; PM: Palisade mesophyll; SM: Spongy mesophyll. (b) Crystals in the lamina as seen under the polarised light. Cr: Crystal; PM: Palisade mesophyll; SM: Spongy mesophyll](ASL-32-187-g006){#F4}

Calcium oxalate crystals of druses and sand crystal type were frequently seen in the powder. They occur in the unmodified mesophyll cells and were random in distribution \[[Figure 4b](#F4){ref-type="fig"}\].

The epidermal tissue was studied from the para dermal sections of the lamina. The adaxial epidermal cells were apostomatic. The cells were angular in outline. The anticlinal walls were thick and straight \[[Figure 5a](#F5){ref-type="fig"}\].

![(a) Para-dermal section of adaxial epidermis. AW: Anticlinal walls (b) Anisocytic stomata (enlarge) of leaf of *Combretum albidum.* SC: Subsidiary cells; St: Stomata](ASL-32-187-g007){#F5}

The abaxial epidermis consists of larger cells. The anticlinal walls were slightly thicker and undulate. The epidermis was stomatiferous. The stomata were anisocytic type. The stoma was surrounded by three dissimilar subsidiary cells \[[Figure 5b](#F5){ref-type="fig"}\]. The guard cells were broadly elliptical and had wide aperture. They were 40 μm × 60 μm in size.

The venation was densely reticulate. The veins vary in thickness. The major veins were thick and minor veins and vein lets were thin. The vein-islets were fairly distinct, but they vary greatly in size and shape. The vein terminations were either unbranched or branched once or twice. The terminations were thick and undulate \[Figure [6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}\].

![Venation type showing vein islets and vein terminations. VI: Vein islets; VT: Vein terminations.](ASL-32-187-g008){#F6}

Powder microscopy {#sec2-15}
-----------------

Small fragments of adaxial epidermal peelings were frequently seen in the powder \[Figure [7a](#F7){ref-type="fig"} and [b](#F7){ref-type="fig"}\]. Fragments were in surface view and exhibit the shape and size of the epidermal cells and circular plate of glandular trichomes. The epidermal cells were polygonal in outline. The anticlinal walls were fairly thick and straight. The epidermal layer was apostomatic.

![(a) Adaxial epidermal fragments seen in surface view. Ade: Adaxial epidermis; Gtr: Glandular trichome (b) Adaxial epidermal layer with glandular epidermal trichome. Ade: Adaxial epidermis; Aw: Anticlinal wall; Ep: Epidermis; Gtr: Glandular trichome; St: Stalk cell of the gland](ASL-32-187-g009){#F7}

The glandular trichomes has short central hyaline stalk cell, which bears a thin plate of body cells. The plate consists of two circles of semi-circular cells. The plate was about 90 μm in diameter.

The epidermal layer was stomatiferous. The epidermal cells were polygonal in outline. The anticlinal walls were fairly thick and straight \[Figure [8a](#F8){ref-type="fig"} and [b](#F8){ref-type="fig"}\]. The stomata were cyclocytic. The guard cells were encircled by four to seven subsidiary cells. These subsidiary cells were semi-circular in shape and were of equal in shape and size. The guard cells were broadly elliptical and measure 20 μm × 30 μm in size.

![(a) Abaxial epidermis with stomata. Ep: Epidermis; SC: Subsidiary cells; St: Stomata (b) One cyclocytic stomata (enlarge). EC: Epidermal cells; GC: Guard cells; SC: Subsidiary cells](ASL-32-187-g010){#F8}

Epidermal, non-glandular trichomes were fairly common in the powder. The trichome was unicellular, unbranched, thick walled and uniform in thickness \[[Figure 9a](#F9){ref-type="fig"}\]. The trichome was 600 μm long and 20 μm thick.

![(a) Non-glandular epidermal trichome. NGT: Non-glandular trichome (b) Vessel element and fibre. Fi: Fibre; Pe: Perforation; VE: Vessel element (c) Single fibre (entire view). Fi: Fibre; Pa: Parenchyma](ASL-32-187-g011){#F9}

Vessel elements were occasionally seen in the powder \[[Figure 9b](#F9){ref-type="fig"}\]. They were narrow, long and cylindrical. They had circular wide end-wall perforation and dense multi-seriate bordered pits on the lateral walls. The vessel elements were 270 μm wide. Fibres associated with the xylem strands were seen in isolated condition they were thin and long \[[Figure 9c](#F9){ref-type="fig"}\]. Their walls were thick and lignified. Some of the fibres were wider and bent \[[Figure 9b](#F9){ref-type="fig"}\]. The fibres were 1.23 mm long and 10 μm thick.

Quantitative microscopy {#sec2-16}
-----------------------

Anisocytic type of stomata was present on the upper side of the leaves. The stomatal number of the upper surface and lower surface was found as 20 and 16 respectively. The stomatal indexes of the upper surface and lower surface were found 13.2 and 11.7 respectively. The vein islet and vein termination were calculated as 20 and 11. The palisade ratio was found to be 8.5.

DISCUSSION AND CONCLUSION {#sec1-4}
=========================

A comprehensive analysis of the pharmacognostic features of leaf of *C. albidum* are presented here for the first time may help to evaluate the usefulness of these characters in establishing the botanical identity of the plant. According to Metcalfe, any exercise that involves the identification of vegetable material when it is in a fragmentary or partly decomposed condition can be achieved only by the methods of comparative histology. This pointing is to establish the identification of economic plant products ranging from timbers to foodstuffs as well as crude drugs of vegetable origin. Adulterants and substituents can also be detected.\[[@ref23]\]

Microscopical studies indicated that the presence of thick midrib and smooth, even, dorsiventral lamina. The midrib was plano-convex with flat adaxial side and thick, broad abaxial part. The vascular strand was large and omega shape and occupied major portion of the midrib.

In lamina, the adaxial epidermis was thick and wide, rectangular epidermal cells with prominent cuticle compared to abaxial epidermis. Palisade cells were cylindrical and compact. The spongy parenchyma includes were seven layered of lobed loosely arranged. The calcium oxalate crystals occur in unmodified mesophyll cells in random distribution. In para dermal section of the lamina, the adaxial epidermis was apostomatic where as in abaxial epidermis was stomatiferous. The stomata were anisocytic type.

Percentage extractives and ash analysis were carried out. The results showed that water soluble ash is more than the acid insoluble ash. Water soluble extractive value of leaf had shown 2 times more than alcohol soluble. Ash values of drug give an idea of earthy matter or the inorganic composition and other impurities present along with drug. Extractive values are primarily useful for the determination of exhausted and adulterated drugs. Extractive values are also useful to evaluate the chemical constituents present in the crude drug and also help in the estimation of specific constituents soluble in particular solvents.\[[@ref24][@ref25]\] The fluorescent analysis is carried out under the day light and the UV light by treating with different chemical that showed different colour. Results of fluorescent analysis of the leaves showed pale green colour for leaf powder as such in day light, green colour for leaf powder as in UV light. Reddish brown colour for leaf powder mounted in 1N NaOH as such in day light while green colour for leaf powder as such in UV light.

Prussian blue colour for leaf powder mounted in ferric chloride as such in day light while green colour for leaf powder as such in UV light. This analysis suggests that, leaves extract of *C. albidum* probably contain active agent(s) and this provide the basis for their folkloric use as a cure for some human ailments. In conclusion, the parameters, which are reported for the first time, could be useful for identity and authenticity of this medicinal plant.
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